GO 

m 
m 



CD 

o 

LU 



(19) 




Europfllsches Patentamt 
European Patent Office 
Office europeen dee brevets 




(11) 



EP 0 901 531 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
05.12.2001 Bulletin 2001/49 

(21) Application number 97924670.9 

(22) Date of filing: 09.05.1997 



(51) Intel.*: C12Q 1/68, C07H 19/00 

(66) International application number 
PCT/US97/07966 

(87) International publication number: 

WO 97/42348 (1 3.1 1 .1 997 Gazette 1 997/49) 



(54) PROCESS FOR DIRECT SEQUENCING DURING TEMPLATE AMPLIFICATION 

VERFAHREN ZUR DIREKTEN SEQUENZIERUNG WAHREND TEM PLATE "-AMPLIFIKATION 
PROCEDE DE SEQUENAGE DIRECT PENDANT U AMPLIFICATION DE MATRICE 



(84) Designated Contracting Stales: 

AT BE CH DE DK ES Fl FR GB OR IE IT LI LU MC 
NL PT SE 

Designated Extension States: 
AL LT LV RO SI 

(30) Priority: 09.05.1996 US 647368 

(43) Date of publication of application: 
17.03.1999 Bulletin 1999/11 

(73) Proprietor: SEQUENOM, INC. 
San Diego, California 92121 (US) 

(72) Inventors: 

• KdSTER, Hubert 
Concord, MA 02110 (US) 

• VAN DEN BOOM, Dlrk 
D-63303 Drelelch (DE) 

• RUPPERT, Andreas 
D-35440 Linden (DE) 

(74) Representative: Baldock, Sharon Claire et al 
DOULT WADE TEN N A NT, 

Verulam Gardens 
70 Gray's Inn Road 
London WC1X 8BT (GB) 



(56) References cited: 
WO-A-93/0221 2 
WO-A-94/16101 



WO-A-93/06243 
US-A-5 427 911 



• REDSTONE M ET AL: "Klenow Co-Sequencing: 
A method for eliminating "stops"" 
BIOTECH NIQUES, vol. 17, no. 2, 1994, page 
286,288 XP002041095 

• MURRAY V: "IMPROVED DOUBLE -STRAND ED 
DNA SEQUENCING USING THE LINEAR 
POLYMERASE CHAIN REACTION* NUCLEIC 
ACIDS RESEARCH, vol. 17, no. 21 , 11 November 
1989, page 8889 X POO 03 71 763 

• SCHNEIDER K ET AL: "Increased stability of 
nucleic acids containing 7-deaza guanoslne and 
7-deaza~adenosine may enable rapid DNA 
sequencing by matrix assisted laser desorptlon 
mass spectrometry" NUCLEIC ACIDS 
RESEARCH, vol. 23, no. 9, May 1995, pages 
1570-75, XP000601618 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed In 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 




m 
rn 



I 

03 

m 

o 

O 
u 



Printed by Jcuve, 75001 PARIS (PR) 



1 EPOS 

Description 

Background of the Invention 
DNA Sequencing 

[0001] Current knowledge regarding gene structure, 
the control of gene activity and the function of cells on 
a molecular level all arose based on the determination 
of the base sequence of millions of DNA molecules. 
DNA sequencing is still critically important in research 
and for genetic therapies and diagnostics, (e.g., to verify 
recombinant clones and mutations). 
[0002] DNA, a polymer of deoxyribonucleotides, Is 
found in all living cells and some viruses. DNA is the 
carrier of genetic Information, which is passed from one 
generation to the next by homologous replication of the 
DNA molecule. Information for the synthesis of all pro- 
teins is encoded in the sequence of bases in the DNA. 
[0003] To obtain the genetic information and therefore 
to reveal the base sequence of a given DNA molecule, 
chemical and enzymatic sequencing methods have 
been developed. DNA-sequencing as proposed by 
Maxam-Gifbert (Maxam, A.M., W. Gilbert, Proc. Natl. 
Acad. Scl. USA, 74:560-564 1 977) is a chemical method 
of determining base composition of a nucleic acid mol- 
ecule. A single stranded DNA molecule with radioactive 
label at its 5' end is chemically modified in four base spe- 
cific reactions and then cleaved at the modified posi- 
tions. The cleavage products are separated on a poly- 
acrylamide gel and typically are detected by autoradi- 
ography. 

[0004] Currently favored is the enzymatic chain termi- 
nation reaction according to the Sanger-sequencing 
method (Sanger, F. et. al., Proc. Natl. Acad. Sci. USA, 
74:5463-5467 1977). In the Sanger method, the four 
base specific sets of DNA fragments are formed by start- 
ing with a primerAemplate system elongating the primer 
into the unknown DNA sequence area and thereby cop- 
ying the template and . synthesizing complementary 
strands using a DNA poiymerase in the presence of 
chain-terminating reagents. The chain-terminating 
event is achieved by incorporating into the four separate 
reaction matures in addition to the four normal deoxy- 
nucleoside triphosphates, dATP, dGTP, dTTP and 
dCTP, only one of the chain-terminating dideoxy nucle- 
oside triphosphates, ddATP, ddGTP, ddTTP or ddCTP, 
respectively, in a limiting small concentration. The incor- 
poration of a ddNTP lacking the 3' hydroxy! function into 
the growing DNA strand by the enzyme DNA polymer- 
ase leads to chain termination through preventing the 
formation of a 3'-5'-phosphodiester bond by DNA 
polymerase. Due to the random incorporation of the 
ddNTPs. each reaction leads to a population of base 
specific terminated fragments of different lengths, which 
all together represent the sequenced DNA-molecule. 
[0005] A recent modification of the Sanger sequenc- 
ing strategy involves the degradation ofphosphorothio- 
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ate-containing DNA fragments obtained by using alpha- 
thio dNTP instead of the normally used ddNTPs during 
the primer extension reaction mediated by DNA 
polymerase (Labeit era/., DNA 5, 173-177 (1986); Am- 

5 ersham, PCT-Application GB86/00349 (WO 86/0761 2); 
Eckstein et at., Nucleic Acids Res. 16, 9947 (1988)). 
Here, the four sets of base-specific sequencing ladders 
are obtained by limited digestion with exonuclease HI or 
snake venom phosphodiesterase, subsequent separa- 

10 tion on PAGE and visualization by radioisotopic labeling 
of either the primer or one of the dNTPs. In a further 
modification, the base-specific cleavage is achieved by 
alkylating the sulphur atom in the modified phosphodi- 
ester bond followed by a heat treatment (Max-Planck- 

13 Gesellschatt, DE 3930312 Al). 

DNA Amplification 

[0006] DNA can be amplified by a variety of proce- 
ss dures including cloning (Sambrook et al., Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Lab- 
oratory Press, 1989), polymerase chain reaction (PCR) 
(C.R. Newton and A. Graham, PCR, BIOS Publishers, 
1 994), ligase chain reaction (LCR) (F. Barany Proc. Natf. 
23 Acad. Sci USA 88, 1 89-93 (1991), strand displacement 
amplification (SDA) (G. Terrance Walker et al., Nucleic 
Acids Res. 22, 2670-77 (1994)) and variations such as 
RT-PCR, allele-specific amplification (ASA) etc. 
[0007] The polymerase chain reaction (Mullis, K. et 
30 al., Methods Enzymol., 155:335-350 1987) permits the 
selective in vitro amplification of a particular DNA region 
by mimicking the phenomena of in vivo DNA replication. 
Required reaction components are single stranded 
DNA, primers (oligonucleotide sequences complemen- 
ts tary to the 5' and 3' ends of a defined sequence of the 
DNA template), deoxynucleotidetriphosphates and a 
DNA polymerase enzyme. Typically, the single stranded 
DNA is generated by heat denaturalion of provided dou- 
ble strand DNA. The reaction buffers contain magnesi- 
40 um ions and co-solvents for optimum enzyme stability 
and activity. 

[0008] The amplification results from a repetition of 
such cycles in the following manner The two different 
primers, which bind selectively each to one of the com- 

45 plementary strands, are extended in the first cycle of 
amplification. Each newly synthesized DNA then con- 
tains a binding site for the other primer. Therefore each 
new DNA strand becomes a template for any further cy- 
cle of amplification enlarging the template pool from cy- 

30 cle to cycle. Repeated cycles theoretically lead to expo- 
nential synthesis of a DNA-fragment with a length de- 
fined by the 5' termini of the primer. 
[0009] Initial PCR experiments used thermolabile 
DNA polymerase. However, thermolabile DNA polymer- 

55 ase must be continually added to the reaction mixture 
after each denaturation cycle. Major advances in PCR 
practice were the development of a polymerase, which 
is stable at the near-boiling temperature (Saiki, R. et al., 
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Science 239:487-491 1 988) and the development of au- 
tomated thermal cyclers. 

[0010] The discovery of thermostable polymerases 
also allowed modification of the Sanger sequencing re- 
action with significant advantages. The polymerization 
reaction could be carried out at high temperature with 
the use of thermostable DNA polymerase in a cyclic 
manner (cycle sequencing). The conditions of the cycles 
are similar to those of the PCR technique and comprise 
denaturation, annealing, and extension steps. Depend- 
ing on the length of the primers only one annealing step 
at the beginning of the reaction may be sufficient. Car- 
rying out a sequencing reaction at high temperature in 
a cyclic manner provides the advantage that each DNA 
strand can serve as template In every new cycle of ex- 
tension which reduces the amount of DNA necessary 
for sequencing, thereby providing access to minimal vol- 
umes of DNA, as well as resulting in improved specificity 
of primer hybridization at higher temperature and the re- 
duction of secondary structures of the template strand. 
[0011] However, amplification of the terminated frag- 
ments is linear in conventional cycle sequencing ap- 
proaches. A recently developed method, called semi- 
exponential cycle sequencing shortens the time re- 
quired and increases the extent of amplification ob- 
tained from conventional cycle sequencing by using a 
second reverse primer in the sequencing reaction. How- 
ever, the reverse primer only generates additional tem- 
plate strands if it avoids being terminated prior to reach- 
ing the sequencing primer binding site. Needless to say, 
terminated fragments generated by the reverse primer 
can not serve as a sufficient template. Therefore, in 
practice, amplification by the semi-exponential ap- 
proach is not entirely exponential. (Sarkat, G. and 
Bolander Marie E., Semi Exponential Cycle Sequencing 
Nucleic Acids Research. 1995, Vol. 23, No. 7, p. 
1269-1270). 

[001 2] As pointed out above, current nucleic acid se- 
quencing methods require relatively large amounts (typ- 
icalty about 1 g) of highly purified DNA template. Often, 
however, only a small amount of template DNA Is avail- 
able. Although amplifications may be performed, ampli- 
fication procedures are typically time consuming, can be 
limited in the amount of amplified template produced 
and the amplified DNA must be purified prior to se- 
quencing. A streamlined process for amplifying and se- 
quencing DNA Is needed, particularly to facilitate hight- 
hroughput nucleic acid sequencing. 

Summary of the Invention 

[0013] In general, the instant invention provides a 
one-step process for generating from a DNA template, 
base specifically terminated fragments of sufficient 
quantity to enable DNA sequencing. 
[0014] According to the process of the invention, a 
combined amplification and termination reaction Is per- 
formed using at least two different polymerase en- 



zymes, each having a different affinity for the chain ter- 
minating nucleotide, so that polymerization by an en- 
zyme with relatively low affinity for the chain terminating 
nucleotide leads to exponential amplification whereas 
5 an enzyme with relatively high affinity for the chain ter- 
minating nucleotide terminates the polymerization and 
yields sequencing products. 

[0015] In another aspect, the Invention features kits 
for directly amplifying nucleic acid templates and gen- 

10 erating base specifically terminated fragments. In one 
embodiment, the kit can comprise an appropriate 
amount of: i) a complete set of chain-elongating nucle- 
otides; ii) at least one chain-terminating nucleotide; (hi) 
a first DNA polymerase, which has a relatively low affln- 

is |ty towards the chain terminating nucleotide; and (iv) a 
second DNA polymerase, which has a relatively high af- 
finity towards the chain terminating nucleotide. The kit 
can also optionally include an appropriate primer or 
primers, appropriate buffers as well as instructions for 

20 use. 

[001 6] The Instant invention allows DNA amplification 
and termination to be performed in one reaction vessel. 
Due to the use of two polymerases with different affini- 
ties for dideoxy nucleotide triphosphates, exponential 

25 amplification of the target sequence can be accom- 
plished in combination with a termination reaction nu- 
cleotide. In addition, the process obviates the purifica- 
tion procedures, which are required when amplification 
is performed separately from base terminated fragment 

30 generation. Further, the Instant process requires less 
time to accomplish than separate amplification and base 
specific termination reactions. 

[0017] When combined with a detection means, the 
process can be used to detect and/ or quantitate a par- 

35 tlcular nucleic acid sequence where only small amounts 
of template are available and fast and accurate se- 
quence data acquisition is desirable. For example, when 
combined with a detection means, the process is useful 
for sequencing unknown genes or other nucleic acid se- 

40 quences and for diagnosing or monitoring certain dis- 
eases or conditions, such as genetic diseases, chromo- 
somal abnormalities, genetic predispositions to certain 
diseases (e.g. cancer, obesity, artherosclerosis) and 
pathogenic (e.g. bacterial, viral, fungal, protistal) tnfec- 

45 tions. Further, when double stranded DNA molecules 
are used as the starting material, the instant process 
provides an opportunity to simultaneously sequence 
both strands, thereby providing greater certainty of the 
sequence data obtained or acquiring sequence Infonma- 

50 tion from both ends of a longer template. 

[001 8] The above and further features and advantag- 
es of the instant invention will become clearer from the 
following Detailed Description and Claims. 

55 Brief Description of the Figures 

[001 9] FIGURE 1 shows sequence data from an ABI- 
Prism automated sequencer (Model 373A) using a 
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pOM8 derived recombinant plasmid with a 400 base pair 
(BP) insert from the rmB gene of £ colt as the template 
in the reaction described in the following Example 1 . The 
figure shows a reliable sequence readable to about 440 
BP which is the length of the PCR product. * 
[0020] FIGURE 2 shows sequence data from an ABI- 
Prism automated sequencer (Model 373A) again using 
the pOMB derived recombinant plasmid with a 400 BP 
Insert of from the rrnB gene of E. coii. However, because 
the sequencing reaction was carried out using standard 
sequencing protocols on a small amount of template 
(50ng), no reliable sequence was obtained. 
[0021] FIGURE 3 is a schematic of a combined am- 
plification and sequencing reaction using two polymer- 
ases and dye-labeled dideoxynucleotide triphosphate 
for detection and two reverse oriented primers. 
[0022] FIGURE 4 is a fluorescent chromotagram plot 
of a forward sequence ladder generated in a simultane- 
ous amplification and sequencing reaction. 
[0023] FIGURE 5 is a fluorescent chromatogram plot 
of a reverse sequence ladder generated in a simultane- 
ous amplification and sequencing reaction. 

Detailed Description of the Invention 

[0024] In general, the invention features a process for 
directfy amplifying and base specifically terminating a 
nucleic acid molecule. According to the process of the 
invention, a combined amplification and termination re- 
action is performed on a nucleic acid template using: i) 
a complete set of chain -elongating nucleotides; ii) at 
least one chain-terminating nucleotide; and (iii) a first 
DNA polymerase, which has a relatively low affinity to- 
wards the chain terminating nucleotide; and (iv) a sec- 
ond DNA polymerase, which has a relatively high affinity 
towards the chain terminating nucleotide, so that polym- 
erization by the enzyme with relatively low affinity for the 
chain terminating nucleotide leads to amplification of the 
template, whereas the enzyme with relatively high affin- 
ity for the chain terminating nucleotide terminates the 
polymerization and yields sequencing products. 
[0025] The combined amplification and sequencing 
can be based on any amplification procedure that em- 
ploys an enzyme with polynucleotide synthetic ability (e. 
g. polymerase). One preferred process, based on the 
polymerase chain reaction (PCR), is comprised of the 
following three thermal steps: 1) denaturing a double 
stranded (ds) DNA molecule at an appropriate temper- 
ature and for an appropriate period of time to obtain the 
two single stranded (ss) DNA molecules (the template: 
sense and antisense strand); 2) contacting the template 
with at least one primer that hybridizes to at least one 
ss DNA template at an appropriate temperature and for 
an appropriate period of time to obtain a primer contain- 
ing ss DNA template; 3) contacting the primer containing 
template at an appropriate temperature and for an ap- 
propriate period of time with: (i) a complete set of chain 
elongating nucleotides, (il) at least one chain terminat- 



ing nucleotide, (ili) a first DNA polymerase, which has a 
relatively low affinity towards the chain terminating nu- 
cleotide; and (iv) a second DNA polymerase, which has 
a relatively high affinity towards the chain terminating 
nucleotide. 

[0026] Steps 1 )• 3) can be sequentially performed for 
an appropriate number of times (cycles) to obtain the 
desired amount of amplified sequencing ladders. The 
quantity of the base specifically terminated fragment de- 
sired dictates how many cycles are performed. Although 
an increased number of cycles results in an increased 
level of amplification, it may also detract from the sen- 
sitivity of a subsequent detection. It is therefore gener- 
ally undesirable to perform more than about 50 cycles, 
and is more preferable to perform less than about 40 
cycles (e.g. about 20-30 cycles). 
[0027] In a preferred embodiment, the first denatu ra- 
tion step is performed at a temperature in the range of 
about 85°C to about 1 00°C (most preferably about 92°C 
to about 96°C) for about 20 seconds (s) to about 2 min- 
utes (most preferably about 30s- 1 minute). The second 
hybridization step is preferably performed at a temper- 
ature, which is in the range of about 40°C to about 80°C 
(most preferably about 45 °C to about 72°C) for about 
20s to about 2 minutes (most preferably about 30s- 1 
minute). The third, primer extension step is preferably 
performed at about 65°C to about 80°C (most preferably 
about 70°C to about 74°C) for about 30 s to about 3 
minutes (most preferably about 1 to about 2 minutes). 
[0028] In order to obtain sequence information on 
both the sense and antisense strands of a DNA mole- 
cule simultaneously, each of the single stranded sense 
and antisense templates generated from the denaturing 
step can be contacted with appropriate primers in step 
2), so that amplified and chain terminated nucleic acid 
molecules generated in step 3), are complementary to 
both strands. 

[0029] Another preferred process for simultaneously 
amplifying and chain terminating a nucleic acid se- 
quence is based on strand displacement amplification 
(5 DA) (G. Terrance Walker et al., Nucleic Acids Res. 22, 
2670-77 (1994); European Patent Publication Number 
0 684 315 entitled Strand Displacement Amplification 
Using Thermophilic Enzymes). In essence, this process 
involves the following three steps, which altogether 
comprise a cycle: 1) denaturing a double stranded (ds) 
DNA molecule containing the sequence to be amplified 
at an appropriate temperature and for an appropriate 
period of time to obtain the two single stranded (ss) DNA 
molecules (the template: sense and antisense strand); 
2) contacting the template with at least one primer (P), 
that contains a recognition/cleavage site for a restriction 
endonuclease (RE) and that hybridizes to at least one 
ss DNA template at an appropriate temperature and for 
an appropriate period of time to obtain a primer contain- 
ing ss DNA template; 3) contacting the primer containing 
template at an appropriate temperature and for an ap- 
propriate period of time with: (i) a complete set of chain 
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elongating nucleotides; (li) at least one chain terminat- 
ing nucleotide, (iil) a first DNA polymerase, which has a 
relatively low affinity towards the chain terminating nu- 
cleotide; (iv) a second DNA polymerase, which has a 
relatively high affinity towards the chain terminating nu- 
cleotide; and v) an RE that nicks the primer recognition/ 
cleavage site. 

[0030] Steps 1 ) - 3) can be sequentially performed for 
an appropriate number of times (cycles) to obtain the 
desired amount of amplified sequencing ladders. As 
with the PCR based process, the quantity of the base 
specifically terminated fragment desired dictates how 
many cycles are performed. Preferably, less than 50 cy- 
cles, more preferably less than about 40 cycles and 
most preferably about 20 to 30 cycles are performed. 
[0031] The amplified sequencing ladders obtained as 
described above, can be separated and detected and/ 
or quantitated using well established methods, such as 
poly aery lamide gel electrophoresis (PAGE), or capillary 
zone electrophoresis (CZE) (Jorgenson et at., J. Chro- 
matography 352 , 337 (1986); Gesteland et at., Nucleic 
Acids Res. 18, 1415-1419 (1990)); or direct blotting 
electrophoresis (DBE) (Beck and Pohl, EMBO J., vol. 3; 
Pp. 2905-2909 (1984)) in conjunction with, for example, 
colorimetry, fluortmetry, chemi luminescence and radio- 
activity. 

[0032] Dye-terminator chemistry can be employed in 
the combined amplification and sequencing reaction to 
enable the simultaneous generation of forward and re- 
verse sequence ladders, which can be separated based 
on the streptavidin-biotin system when one biotinylated 
primer is provided. 

[0033] Figure 3 depicts a scheme for the combined 
amplification and sequencing using two polymerases 
and dye-labeled chain terminating nucleotide (ddNTP) 
for detection and two reverse oriented primers. A means 
of separation for the simultaneously generated forward 
and reverse sequence ladders is shown. Step A repre- 
sents the exponential amplification of a target sequence 
by the polymerase with a low affinity for ddNTPs. One 
of the sequence specific oligonucleotide primers is bi- 
otinylated. Step B represents the generation of a se- 
quence ladder either from the original template or the 
simultaneously generated amplification product carried 
out by the polymerase with a high affinity for ddNTPs. 
After completion of the reaction, the products are incu- 
bated with a streptavldin coated solid support (Step C). 
Biotinylated forward sequencing products and reverse 
products hybridized to the forward template are immo- 
bilized. In order to obtain readable sequence Informa- 
tion, the forward and reverse sequence ladders are sep- 
arated in Step D. The immobilized strands are washed 
and separated by denaturation with ammonium hydrox- 
ide at room temperature. The non-blotinylated reverse 
sequencing products are removed from the beads with 
ammonium hydroxide supernatant during this proce- 
dure. The biotinylated forward sequencing products re- 
main Immobilized to the beads and are re-sol ubilized 



with ammonium hydroxide at 60*C. After ethanol pre- 
cipitation, both sequencing species can be resuspend- 
ed in loading dye and run on an automated sequencer, 
for example. 

5 [0034] When mass spectrometry is used in conjunc- 
tion with the direct amplification and chain termination 
processes, the sequencing ladders can be directly de- 
tected without first being separated using several mass 
spectrometer formats. Amenable formats for use in the 

10 invention include ionization techniques such as matrix- 
assisted laser desorption (MALDI), continuous or 
pulsed electrospray (ESI) and related methods (e.g. Ion- 
spray or Thermospray), and massive cluster impact 
(MSI); these ion sources can be matched with a detec- 
ts tion format, such as linear or reflectron time-of-flight 
(TOF), single or multiple quadrupole, single or multiple 
magnetic sector, Fourier Transform ion cyclotron reso- 
nance (FTICR), ion trap, or combinations of these to 
give a hybrid detector (e.g. ion trap-TOF). For ionization, 

20 numerous matrix/wavelength combinations (MALDI) or 
solvent combinations (ESI) can be employed. 
[0035] The above-described process can be per- 
formed using virtually any nucleic acid molecule as the 
source of the DNA template. For example, the nucleic 

25 acid molecule can be: a) single stranded or double 
stranded; b) linear or covalently closed circular in super- 
coiled or relaxed form; or c) RNA if combined with re- 
verse transcription to generate a cDNA. For example, 
reverse transcription can be performed using a suitable 

30 reverse transcriptase (e.g. Moloney murine leukemia vi- 
rus reverse transcriptase) using standard techniques (e. 
g. Kawasaki (1 990) in PCR Protocols: A Guide to Meth- 
ods and Applications, Innis et al., eds., Academic Press, 
Berkeley, CA pp21-27). 

35 [0036] Sources of nucleic acid templates can include: 
a) plasmids (naturally occurring or recombinant); b) 
RNA- or DNA- viruses and bacteriophages (naturally oc- 
curring or recombinant); c) chromosomal or episomal 
replicating DNA (e.g. from tissue, a blood sample, or a 

40 biopsy); d) a nucleic acid fragment (e.g. derived by ex- 
onuclease, unspecif ic endonuclease or restriction endo- 
nuclease digestion or by physical disruption (e.g. sonl- 
cation or nebulization)); and e) RNA or RNA transcripts 
like mRNAs. 

45 [0037] The nucleic acid to be amplified and se- 
quenced can be obtained from virtually any biological 
sample. As used herein, the term "biological sample" re- 
fers to any material obtained from any living source (e. 
g. human, animal, plant, bacteria, fungi, protist, virus). 

50 Examples of appropriate biological samples for use in 
the Instant invention include: solid materials (e.g tissue, 
cell pellets, biopsies) and biological fluids (e.g. urine, 
blood, saliva, amniotic fluid, mouth wash, spinal fluid). 
The nucleic acid to be amplified and sequenced can be 

55 provided by unpurified whole cells, bacteria or virus. Al- 
ternatively, the nucleic acid can first be purified from a 
sample using standard techniques, such as: a) cesium 
chloride gradient centrif ugatlon ; b) alkaline lysis with or 
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without RNAse treatment; c) ion exchange chromatog- 
raphy; d) phenol/chloroform extraction; e) Isolation by 
hybridization to bound oligonucleotides; f) gel electro- 
phoresis and elution; alcohol precipitation and h) com- 
binations of the above. 

[0038] As used herein, the phrases "chain-elongating 
nucleotides" and "chain-terminating nucleotides" are 
used in accordance with their art recognized meaning. 
For example, for DNA, chain-elongating nucleotides In- 
clude 2*-deoxy ribonucleotides (e.g. dATP, dCTP, dGTP 
and oTTP) and chain-terminating nucleotides include 2\ 
3'-dideoxyribonucleotides (e.g. ddATP, ddCTP, ddGTP, 
dcTTTP). For RNA, chain-elongating nucleotides include 
ribonucleotides (e.g., ATP, CTP, GTP and UTP) and 
chain-terminating nucleotides include 3'-deoxyrlbo- 
nucieotides (e.g. 3*dA, 3'dC, 3'dG and 3'dU). A complete 
set of chain elongating nucleotides refers to dATP, 
dCTP, dGTP and dTTP. The term "nucleotide" is also 
well known in the art. For the purposes of this invention, 
nucleotides include nucleoside mono-, dh and triphos- 
phates. Nucleotides also include modified nucleotides 
such as phosphorothioate nucleotides and deazapurine 
nucleotides. A complete set of chain-elongating nucle- 
otides refers to four different nucleotides that can hy- 
bridize to each of the four different bases comprising the 
DNA template. 

[0039] If the amplified sequencing ladders are to be 
detected by mass spectrometry analysis, it may be use- 
ful to "condition" nucleic acid molecules, for example to 
decrease the laser energy required for volatization and/ 
or to minimize fragmentation. Conditioning is preferably 
performed while the sequencing ladders are immobi- 
lized. An example of conditioning is modification of the 
phosphodiester backbone of the nucleic acid molecule 
(e.g. cation exchange), which can be useful for eliminat- 
ing peak broadening due to a heterogeneity In the cati- 
ons bound per nucleotide unit. Contacting a nucleic acid 
molecule, which contains an -thio- nucleoside-triphos- 
phate during polymerization with an alkylating agent 
such as akyliodkJe, iodoacetamide, - iodoethanol, or 
2,3-epoxy-1-propanol, the monothto phosphodiester 
bonds of a nucleic acid molecule can be transformed 
into a phosphotriester bond. Further conditioning in- 
volves incorporating nucleotides which reduce sensitiv- 
ity for depurination (fragmentation during MS), e.g. a pu- 
rine analog such as N7- or N9-deazapurine nucleotides, 
and partial RNA containing oligodeoxy nucleotide to be 
able to remove the unmodified primer from the amplified 
and modified sequencing ladders by RNAse or alkaline 
treatment. In DNA sequencing using fluorescent detec- 
tion and gel electrophoretic separation, the N7 deaza- 
purine nucleotides reduce the formation of secondary 
structure resulting In band compression from which no 
sequencing information can be generated. 
[0040] Critical to the novel process of the invention is 
the use of appropriate amounts of two different polymer- 
ase enzymes, each having a different affinity for the par- 
ticular chain terminating nucleotide, so that polymeriza- 



tion by the enzyme with relatively low affinity for the 
chain terminating nucleotide leads to amplification 
whereas the enzyme with relatively high affinity for the 
chain terminating nucleotide terminates the polymeriza- 

5 tion and yields sequencing products. Preferably about 
0.5 to about 3 units of polymerase is used in the com- 
bined amplification and chain termination reaction. Most 
preferably about 1 to 2 units is used. Particularly pre- 
ferred polymerases for use in conjunction with PCR or 

io other thermal amplification process are thermostable 
polymerases, such as Taq DNA polymerase (Boehring- 
er Mannheim), AmpliTaq® FS DNA polymerase (Perkln- 
Elmer), Deep Vent (exo'), Vent®, Vent (exo) and Deep 
Vent DNA polymerases (New England Bio labs), Thermo 

15 Sequenase (Amersham) or exo(-) Pscudococcus furio- 
sus {Ptv) DNA polymerase (Stratagene, Heidelberg 
Germany). AmpliTaq®, Ultman, 9 degree Nm, Tth, Hot 
Tub, and Pyrococcus furiosus. In addition, preferably 
the polymerase does not have 5*-3* exonuclease activ- 

20 jty. 

[0041] As shown in Example 1 , the process of the in- 
vention can be carried out using AmpliTaq FS DNA 
polymerase (Perkln -Elmer), which has a relatively high 
affinity and Taq DNA polymerase, which has a relatively 

25 low affinity for chain terminating nucleotides. Other ap- 
propriate polymerase pairs for use in the instant Inven- 
tion can be determined by one of skill in the art. (See e. 
g. S. Tabor and C.C. Richardson (1 995) Proc. Nat Acad. 
ScL (USA), vol. 92: Pp. 6339-6343.) 

30 [0042] In addition to polymerases, which have a rela- 
tively high and a relatively low affinity to the chain ter- 
minating nucleotide, a third polymerase, which has 
proofreading capacity (e.g. Pyrococcus woesei (Pwo)) 
DNA polymerase may also be added to the amplification 

35 mixture to enhance the fidelity of amplification. 

[0043] Oligonucleotide primers, for use in the inven- 
tion, can be designed based on knowledge of the 5* and/ 
or 3' regions of the nucleotide sequence to be amplified 
and sequenced, e.g., insert flanking regions of cloning 

40 and sequencing vectors (such as M13, pUC, phagemid, 
cosmid). Optionally, at least one primer used in the chain 
extension and termination reaction can be linked to a 
solid support to facilitate purification of amplified product 
from primers and other reactants, thereby increasing 

45 yield or to separate the Sanger ladders from the sense 
and antisense template strand where simultaneous am- 
plification-sequencing of both a sense and antisense 
strand of the template DNA has been performed. 
[0044] Examples of appropriate solid supports In- 

so dude beads (silica gel, controlled pore glass, magnetic 
beads, Sephadex®/Sepharose®beads, cellulose 
beads, etc.), capillaries, flat supports such as glass fiber 
fitters, glass surfaces, metal surfaces (steel, gold, silver, 
aluminum, and copper), plastic materials or membranes 

55 (polyethylene, polypropylene, polyamide, polyvlnyliden- 
edif luoride) or beads in pits of flat surfaces such as wa- 
fers (e.g. silicon wafers), with or without filter plates. 
[0045] Immobilization can be accomplished, for ex- 
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ample, based on hybridization between a capture nu- 
cleic acid sequence, which has already been immobi- 
lized to the support and a complementary nucleic acid 
sequence, which is also contained within the nucleic ac- 
id molecule containing the nucleic acid sequence to be s 
detected. So that hybridization between the comple- 
mentary nucleic acid molecules is not hindered by the 
support, the capture nucleic acid can include a spacer 
region of at least about five nucleotides in length be- 
tween the solid support and the capture nucleic acid se- 
quence. The duplex formed will be cleaved under the 
influence of the laser pulse and desorption can be initi- 
ated. The solid support -bound base sequence can be 
presented through natural oUgoribo- or oligodeoxyribo- 
nucleotide as well as analogs (e.g. -thio-modified phos- 
phodiester or phosphotriester backbone) or employing 
oligonucleotide mimetlcs such as PNA analogs (see e. 
g. Nielsen et a/., Science , 254, 1497 (1991)) which 
render the base sequence less susceptible to enzymatic 
degradation and hence increases overall stability of the 
solid support-bound capture base sequence. 
[0046] Alternatively, a target detection site can be di- 
rectly linked to a solid support via a reversible or irre- 
versible bond between an appropriate functionality (L*) 
on the target nucleic acid molecule and an appropriate 
functionality (L) on the capture molecule. A reversible 
linkage can be such that it is cleaved under the condi- 
tions of mass spectrometry (i.e., a photocleavable bond 
such as a trityl ether bond or a charge transfer complex 
or a labile bond being formed between relatively stable 
organic radicals). Furthermore, the linkage can be 
formed with L' being a quaternary ammonium group, in 
which case, preferably, the surface of the solid support 
carries negative charges which repel the negatively 
charged nucleic acid backbone and thus facilitate the 
desorption required for analysis by a mass spectrome- 
ter. Desorption can occur either by the heat created by 
the laser pulse and/or, depending on L/ by specific ab- 
sorption of laser energy which is in resonance with the 
L' chromophobe. 

[0047] By way of example, the L-L' chemistry can be 
of a type of disulfide bond (chemically cleavable, for ex- 
ample, by mercaptoethanol or dithioerythrol), a biotln/ 
streptavidin system, a heterobifunctlonal derivative of a 
trityl ether group (K&ster ef aL "A Versatile Acid-Labile 
Linker for Modification of Synthetic Blomolecules,* Tet- 
rahedron Letters 31 , 7095 (1 990)) which can be cleaved 
under mildly acidic conditions as well as under condi- 
tions of mass spectrometry, a levulinyt group cleavable 
under almost neutral conditions with a hydrazinium/ac- 
etate buffer, an arginine-arginlne or lysine-lysine bond 
cleavable by an endopeptidase enzyme like trypsin or 
a pyrophosphate bond cleavable by a pyrophosphatase 
or a ribonucleotide in between a deoxynucteotlde se- 
quence cleavable by an RNAse or alkali. 
[0046] The functionalities, L and L/ can also form a 
charge transfer complex and thereby form the tempo- 
rary L-L' linkage. Since in many cases the "charge- 



transfer band" can be determined by UVArts spectrom- 
etry (see e.g. Organic Charge Transfer Complexes by 
R. Foster, Academic Press, 1 969), the laser energy can 
be tuned to the corresponding energy of the charge- 
transfer wavelength and, thus, a specific desorption off 
the solid support can be initiated. Those skilled in the 
art will recognize that several combinations can serve 
this purpose and that the donor functionality can be ei- 
ther on the solid support or coupled to the nucleic acid 
molecule to be detected or vice versa. 
[0049] In yet another approach, a reversible L-L* link- 
age can be generated by homolytically forming relatively 
stable radicals. Under the influence of the laser pulse, 
desorption (as discussed above) as well as ionization 
will take place at the radical position. Those skilled in 
the art will recognize that other organic radicals can be 
selected and that, in relation to the dissociation energies 
needed to homolyticalry cleave the bond between them, 
a corresponding laser wavelength can be selected (see 
e.g. Reactive Molecules by C. Wentrup, John Wiley & 
Sons, 1 984). 

[0050] An anchoring function L* can also be incorpo- 
rated into a target capturing sequence by using appro- 
priate primers during an amplification procedure, such 
as PCR, LCR or transcription amplification. 
[0051] For certain applications, it may be useful to si- 
multaneously amplify and chain terminate more than 
one (mutated) loci on a particular captured nucleic acid 
fragment (on one spot of an array) or it may be useful 
to perform parallel processing by using oligonucleotide 
or oligonucleotide mimetic arrays on various solid sup- 
ports. -Multiplexing" can be achieved either by the se- 
quence Itself (composition or length) or by the Introduc- 
tion of mass-modifying functionalities into the primer ol- 
igonucleotide. Such multiplexing is particularly useful in 
conjunction with mass spectrometry DNA sequencing 
or mobility modified gel based fluorescence sequenc- 
ing. 

[0052] Without limiting the scope of the invention, the 
mass or mobility modification can be introduced by us- 
ing oligo-Zpolyethylene glycol derivatives. The oligo/pol- 
yethylene glycols can also be monoalkylated by a lower 
alky I such as methyl, ethyl, propyl, isopropyl. t-butyl and 
the like. Other chemistries can be used in the mass- 
modified compounds, as for example, those described 
recently in Oligonucleotides and Analogues, A Practical 
Approach, F. Eckstein, editor IRL Press, Oxford, 1991. 
[0053] In yet another embodiment, various mass or 
mobility modifying functionalities, other than ollgo/poly- 
ethylene glycols, can be selected and attached via ap- 
propriate linking chemistries. A simple modification can 
be achieved by using different alky I, aryl or aralkyi moi- 
eties such as methyl, ethyl, propyl, isopropyl, t-butyl, 
hexyl, phenyl, substituted phenyl or benzyl. Yet another 
modification can be obtained by attaching homo- or het- 
eropeptldes to the nucleic acid molecule (e.g., primer) 
or nucleoside triphosphates. Simple oiigoamides also 
can be used. Numerous other possibilities, in addition 
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to those mentioned above, can be performed by one 
skilled in the art. 

[0054] Different mass or mobility modified primers al- 
low for multiplex sequencing via simultaneous detection 
of primer-modified Sanger sequencing ladders. Mass or 
mobility modifications can be incorporated during the 
amplification process through nucleoside triphosphates 
or modified primers. 

[0055] For use with certain detection means, such as 
polyacrylamlde gel electrophoresis (PAGE), detectable 
labels must be used in either the primer (typically at the 
5* -end) or in one of the chain extending nucleotides, or 
chain terminating nucleotides. Using radioisotopes such 
as ^P, ^P, or is still the most frequently used tech- 
nique. After PAGE, the gels are exposed to X-ray films 
and silver grain exposure is analyzed. 
[0056] Non-radioactive labeling techniques have 
been explored and, in recentyears, integrated into partly 
automated DNA sequencing procedures. All these Im- 
provements utilize the Sanger sequencing strategy. The 
label (e.g. fluorescent dye) can be tagged to the primer 
(Smith et a/., Nature 321 , 674-679 (1 986) and EPO Pat- 
ent No. 0233053; Du Pont De Nemours EPO Patent No. 
0359225; Ansorge era/. J. Biochem. Blophys. Methods 
13, 325-32 (1 986)) or to the chain-terminating dideoxy- 
nucloside triphosphates (Prober et al. Science 238 , 
336-41 (1987); Applied Blosystems, PCT Application 
WO 91/05060). Based on either labeling the primer or 
the ddNTP, systems have been developed by Applied 
Blosystems (Smith et at., Science 235 , G89 (1987); U. 
S. Patent Nos. 570973 and 689013), Du Pont De Ne- 
mours (Prober et al. Science 238 , 336-341 (1 987); U.S. 
Patents Nos. 881372 and 57566), Pharmacia-LKB (An- 
sorge et at. Nucleic Acids Res. 15, 4593-4602 (1987) 
and EMBL Patent Application DE P3724442 and 
P3805808.1 Patent Nos DE 372444 and DE 3805808) 
and Hitachi (JP 1-90844 and DE 4011991 A1). A some- 
what similar approach was developed by Brumbaugh et 
al. (Proc. Natl. Set. USA 85, 5610-14 (198B) and U.S. 
Patent No. 4,729,947). An improved method for the Du 
Pont system using two electrophoretic lanes with two 
different specific labels per lane is described (PCT Ap- 
plication WO92/02635). A different approach uses fluo- 
rescently labeled avidin and biotin labeled primers. 
Here, the sequencing ladders ending with biotin are re- 
acted during electrophoresis with the labeled avidin 
which results in the detection of the individual sequenc- 
ing bands (Brumbaugh et at, U.S. Patent No. 594676). 
[0057] More recently even more sensitive non-radio- 
active labeling techniques for DNA using chem I lumines- 
cence triggerable and amplifyable by enzymes have 
been developed (Beck, O'Keefe, Couli and Koster, Nu- 
cleic Acids Res. 17, 5115-5123 (1989) and Beck and 
Koster, Anal. Chem. 62, 2258-2270 (1990)). These la- 
beling methods were combined with multiplex DNA se- 
quencing (Church et al. Science 240, 185-188 (1988) 
and direct blotting electrophoresis (DBE) (Beck and 
Pohl, EM BO J., Vol. 3: p 2905-2909 (1984)) to provide 



for a strategy aimed at high throughput DNA sequencing 
(Kdster et a/., Nucleic Acids Res. Symposium Ser. No. 
24,318-321 (1991), University of Utah, PCT Application 
No. WO 90/15883). However, this strategy still suffers 
5 from the disadvantage of being very laborious and diffi- 
cult to automate. 

[0058] In automated sequencing, fluorescence la- 
beled DNA fragments are detected during migration 
through the sequencing gel by laser excitation. Fluores- 
ce cence label is incorporated during the sequencing reac- 
tion via labeled primers or chain extending nucleotides 
(Smith, L. et. al., Fluorescence detection in automated 
DNA sequence analysis, Nature 321:674-89 1988), 
(Knight, P, Automated DNA sequencers, Biotechnology 
15 6:1095-96 1988). 

[0059] Multiple distinctly labeled primers can be used 
to discriminate sequencing patterns. For example, four 
differently labeled sequencing primers specific for the 
single termination reactions, e.g. with fluorescent dyes 
so and online detection using laser excitation in an auto- 
mated sequencing device. The use of eight differently 
labeled primers allow the discrimination of the sequenc- 
ing pattern from both strands. Instead of labeled prim- 
ers, labeled ddNTP may be used for detection, if sepa- 
25 ration of the sequencing fragments derived from both 
strand is provided. With one biotin labeled primer, se- 
quencing fragments from one strand can be isolated for 
example via biotin-streptavidin coated magnetic beads. 
Possible is also the isolation via immunoaffinlty chroma- 
30 tography in the case of a dlgoxigenin labeled primer or 
with affinity chromatography in case of complementary 
oligonucleotides bound to a solid support. 
[0080] Another aspect of this invention concerns kits 
for directly generating from a nucleic acid template, am- 
35 pljfied base specifically terminated fragments. Such kits 
include combinations of the above-descrtoed reactants. 
For instance, in one embodiment, the kit can comprise: 
i) a set of chain-elongating nucleotides; ii) a set of chain- 
terminating nucleotides; and (iii) a first DNA polymer- 
ia ase, which has a relatively low affinity towards the chain 
terminating nucleotide; and (iv) a second DNA polymer- 
ase, which has a relatively high affinity towards the chain 
terminating nucleotide. The kit can also include appro- 
priate solid supports for capture/purification and buffers 
45 as well as instructions for use. 

[0061] The present invention Is further illustrated by 
the following examples which should not be construed 
as limiting in any way. Cited references are (including 
literature references, issued patents, published patent 
so applications (including International patent application 
Publication Number WO 94/16101, entitled DNA Se- 
quencing by Mass Spectrometry by H. Koester; and in- 
ternational patent application Publication Number WO 
94/21822 entitled "DNA Sequencing by Mass Spec- 
55 trometry Via Exonudease Degradation" by H. Koster), 
and co-pending patent applications, (including U.S Pat- 
ent Application Serial No. 08/406,199 (US Patent No 
5,605,798) entitled DNA Diagnostics Based on Mass 
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Spectrometry by H. Koester). 

Example 1 : Direct Nucleic Acid Amplification and 
Sequencing 

Materials and Methods 

Bacterial Strains and Plasmfds 

[0062] E. coff K1 2 strains HB1 01 and XL1 -Blue (Strat- 
agene, California) were grown in LB broth (Miller, J. 
(1972) Experiments in Molecular Genetics, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY.) supple- 
mented with 100 u.g ampicillin/mL (Binotal, Bayer, Ger- 
many). DNA-template used for sequencing was apOMS 
derived recombinant plasmid (Oberbaumer, L (1986) 
Gene 49: 81-91 1986) with an 400 BP insert from the 
rrnB gene of E. coil The plasmid DNA was purified via 
Dlagen® plasmid purification tips-100 (Diagen, Hilden, 
Germany). 

DNA Isolation 

[0063] The DNA template used in the sequencing re- 
action was isolated according to the method described 
by Birnboim and Doly (Birnboim, H.C., and Doly, J. Nu- 
cleic Acid Res. 7: 1513-1523 1979) with the improve- 
ments of Ish-Horowiczs and Burke (Ish-Horowicz, D., 
and Burke, J.F. Nucleic Acid Res. 9: 2989-2998 1981). 

Sequencing reactions 

[0064] A control sequencing reaction was perfomed 
in accordance with the Perkin-Elmer, AmpliTaq FS kit 
protocol. 

[0065] A combined nucleic acid amplification and se- 
quencing reaction was performed as follows. The base 
specific reaction mixtures (A, C, G and T, as described 
below) each contained a buffered solution of: 1) DNA 
template; ii) two thermostable DNA polymerases, each 
with a different affinity to the ddNTP; iii) the ddNTP; iv) 
alt 4 dNTPs (Phamlacla, Freiburg, Germany); a pair of 
sequence specific oligonucleotide primers, one of them 
labeledwith a fluorescent dye. The reaction mixture was 
overlayed with wax. 

[0066] The sequencing reaction was carried out as 
follows: 

A-reactlon: 1 8 M ddATP, 80 M each dATP, dCTP, 
7-deaza-dGTP, dTTP, 500 mM Tris-HC! (pH 9.0 at 
25°C), 25 mM MgCI 2 containing 1pmol JOE dye 
primer, thermal stable pyrophosphatase and 1 .6 U 
AmpliTaq DNA polymerase, FS. To this 50 ng of the 
DNA template as prepared above (1 I), 1 U of Taq 
DNA polymerase (1 I) and 10 pmol reverse primer 
(0.5 I) were pipetted. 

C -reaction: 4 18 M ddCTP, 80 M each dATP, dCTP. 



7-deaza-dGTP, oTTP, 500 mM Tris-HCI (pH 9.0 at 
25°C) ( 25 mM MgC1 2 containing Ipmol FAM dye 
primer, thermal stable pyrophosphatase and 1.6U 
AmpliTaq DNA polymerase, FS. To this 50 ng of the 
5 DNA template (1 I), 1 U of Taq DNA polymerase (1 

I) and 1 0 pmol reverse primer (0.5 I) were pipetted. 

G-reaction : 8 1 8 M ddGTP, 80 M each dATP, dCTP, 
7-deaza-dGTP, dTTP, 500 mM Tris-HCI (pH 9.0 at 
io 25°C) 25mM MgClj containing 1 pmol TAMRA dye 
primer, thermal stable pyrophosphatase and 1.6 U 
AmpliTaq DNA polymerase, FS. To this 50 ng of the 
DNA template (1 I), 1 U of Taq DNA polymerase (1 
I) and 10 pmol reverse primer (0.5 1) were pipetted. 

15 

T-reaction : 8 1 8 M ddTTP, 80 M each dATP, dCTP, 
7-deaza-dGTP, dTTP, 500 mM Trls-HC I (pH 9.0 at 
25*C), 25mM MgCI 2 containing 1 pmol ROX dye 
primer, thermal stable pyrophosphatase and 1 .6 U 
20 AmpliTaq DNA polymerase, FS. To this 50 ng of the 
DNA template (1 t), 1 U of Taq DNA polymerase (1 
I) and 10 pmol reverse primer (0.5 I) were pipetted. 

[0067] The Incubation conditions included an initial 
25 denaturation step of 4 min. 95°C, followed by 1 5 cycles 
of 30 sec. 95°C, 30 sec. 52°C, 60 sec. 72 P C. The reac- 
tion is completed by additional 15 cycles of 30 sec. 
95°C, 30 sec. 52*C, 60 sec. 72°C. 
[0068] The reaction mixture was separated from the 
30 wax by pipetting and ethanol precipitated. The samples 
were run on an automated ABI prism sequencer model 
377. 

RESULTS 

35 

[0069] As can be seen from Figures 1 and 2, while the 
combined amplification and sequencing reaction yield- 
ed a 440 BP readable sequence with 1 5 ng. of template 
DNA (Figure 1), no sequence data was obtained em- 
40 ploying the same amount of template DNA and using 
the standard cycle sequencing protocol (Figure 2). 

Example 2: Direct Nucleic Acid Amplification and 
Sequencing 

45 

[0070] A combined nucleic add amplification and se- 
quencing reaction was performed as follows. The reac- 
tion contained a buffered solution of i) DNA template, ii) 
two thermostable DNA polymerases, each with a difter- 
50 ent affinity for the ddNTP; iii) dye-labeled ddNTP; iv) all 
4 dNTP s (Pharmacia. Freiburg, Germany); a pair of se- 
quence specific oligonucleotide primers, one of them la- 
beled with a biotin group. 

55 combined amplification and sequencing protocol using 
two DNA polymerases. 

[0071] 4ng (1 uJ) of p9G551D (pUC-derivative har- 
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bouring a 419 BP Insert from human mutant CFTR 
gene) was subjected to sequencing by adding 4 \i\ of 5 
x TACS buffer, 0.5 u,l of each dye ddNTP solution. 1 u,l 
dNTP mix (5mM dATP, dCTP, oTTP and 10 mM N 7 dea- 
za dGTP), 1 uJ AmpliTaq FS, 0.75 U (0.3 uJ) (exo-) Pfu 
polymerase and 40 pmol of each of the standard M13 
primers (for sequence see above) to a final volume of 
20 uJ. The cycling profile comprised one cycle of 95°C 
for 4 min., 20 cycles of 95°C for 45 sec, 52°C for 45 sec 
and 72°C for 45 sec. followed by 28 cycles of 96°C for 
50 sec, 55°C for 60 sec and 50° C for 4 min. The reaction 
was carried out using an Eppendorf® M astercycler 5330 
with a heated lid. 

Separation of the forward and reverse sequencing 
fragments. 

[0072] The reaction was mixed with an equal volume 
of 2x B/W-buffer (10mM Tris-HCl, pH 75, 1 mM EDTA, 
2 M NaCI) containing 300 u.g of prewashed streptavidin 
M-280 Dynabeads® (Dynal). After incubation for 30 min. 
at room temperature the beads were washed twice with 
50 u.1 of tx B/W buffer in order to remove unwanted re- 
action components and unincorporated dye termina- 
tors. 

[0073] The reverse sequencing products were recov- 
ered from immobilized biotinylated forward products by 
addition of 20 u.1 of a 20% aqueous ammonium hydrox- 
ide solution (freshly prepared) and Incubation at room 
temperature for two minutes. This step was repeated 
once the products were pooled. 
[0074] The beads were then washed with 20 u.1 25% 
aqueous ammonium hydroxide solution for one minute 
at room temperature and the supernatant was discard- 
ed. 

[0075] The forward sequencing reaction was re- 
moved from the beads using 30 u.1 of a 25% aqueous 
ammonium hydroxide solution and incubation at 60°C 
for 8 minutes. This step was also repeated once and the 
products were pooled. 

[0076] The separated forward and reverse sequenc- 
ing reactions were finally precipitated each by addition 
of 200 u.1 ethanol to the ammonium hydroxide solution, 
resuspended in 4 u.1 loading dye (5:1 ratio of deionized 
formamide to 25mM EDTA (pH 8.0)/50 mg/iml Blue dex- 
tran) and analyzed with an ABI Prism sequencer (model 
377). 

RESULTS 

[0077] Figure 4 and 5 depict the fluorescent chroma- 
togram plots of a forward (Fig. 4) and reverse (Fig. 5) 
sequence ladder generated in a simultaneous amplifi- 
cation and sequencing reaction. In this experiment 1 .5 
units of Taq polymerase were added to a dye terminator 
cycle sequencing mix containing AmpliTaq FS, and only 
4 ng of plasmid DNA, a biotinylated forward primer and 
a reverse primer. After the cycling reaction, biotinylated 



forward sequencing products and reverse products hy- 
bridized to the forward template were immobilized on 
streptavidin coated magnetic beads. A separation of re- 
verse and forward sequencing ladders was achieved by 

5 incubation of the beads with ammonium hydroxide. Am- 
monium hydroxide acted as a denaturing agent for dou- 
ble stranded DNA at room temperature, therefore re- 
leasing the reverse sequencing products in the solution. 
The biotinylated products remained bound to the 

10 streptavidin, whereas the reverse products were re- 
moved with the supernatant. A recovery of the biotinylat- 
ed products was earned out using ammonium hydroxide 
at an incubation temperature of 60°C. At elevated tem- 
perature, ammonium hydroxide acted as a denaturing 

is agent for the streptavidin biotin interaction. The thus 
separated sequencing ladders were then ethanol pre- 
cipitated and separately analyzed on a ABI Prism se- 
quencer. 

20 

Claims 

1. A kit for simultaneously obtaining amplified and 
chain terminated nucleic acid molecules from a nu- 

25 clelc acid template comprising: i) an appropriate 
amount of a set of chain-elongating nucleotides; ii) 
an appropriate amount of at least one chain-termi- 
nating nucleotide; Hi) an appropriate amount of a 
first DNA polymerase, which has a relatively low af- 

30 finity towards the chain terminating nucleotide; and 
iv) an appropriate amount of a second DNA 
polymerase, which has a relatively high affinity to- 
wards the chain terminating nucleotide. 
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A kit of claim 1 , which additionally comprises a re- 
striction enzyme that can cleave a primer. 

A kit of claim 1, wherein the first and second 
polymerases are thermostable DNA polymerases. 

A kit of dalm 3, wherein the thermostable DNA 
polymerases are selected from the group consisting 
of: Taq DNA polymerase, AmpliTaq® FS DNA 
polymerase, Deep Vent® (exo - ) DNA polymerase, 
Vent® DNA polymerase, VenKB (exo*) DNA 
polymerase and Deep Vent® DNA polymerases, 
Thermo Sequenase, exo(-) Pseudococcus furiosus 
{Pfu) DNA polymerase, AmpliTaq-®, Ultman, 9 de- 
gree Nm, Tth, Hot Tub, Pyrococcus furiosus (Pfu), 
and Pyrococcus woesei (Pwo) DNA polymerase. 

A kit of claim 1 , wherein the set of chain-elongating 
nucleotides are selected from the group consisting 
of: I) at least one deoxyadenosine triphosphate; 11) 
at least one deoxyguanosine triphosphate; iii) at 
least one deoxycytidine triphosphate; and iv) at 
least one deoxythymidine triphosphate. 
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6. A kit of claim 5, wherein the deoxyadenosine and/ 
or the deoxyguanosine is an N7- or N9- deazapu- 
rine nucleotide, 

7. A kit of claim 1, wherein the chain terminating nu- 
cleotide Is selected from the group consisting of: 2\ 
3-dideoxyadenosine triphosphate, Z^'-dideoxy- 
guanosine triphosphate, 2\3 , -dldeoxycytkJine tri- 
phosphate, 2\3 , -dideoxythymidine triphosphate. 

8. , A kit of claim 1 , which additionally includes at least 
one primer. 

9. A kit of claim 8, wherein the primer is linked to a 
solid support 

10. A kit of claim 9, wherein the solid support is selected 
from the group consisting of beads, capillaries, flat 
supports, membranes and wafers. 

11. A kit of claim 9, wherein the primer contains a re- 
striction site or a ribonucleotide. 

12. A kit of claim 8, wherein the primer is weight modi- 
fied. 

13. A kit of claim 8, wherein the primer is mobility mod- 
ified. 

14. A kit of claim 7, wherein at least one ddNTP is 
weight modified. 

15. A kit of claim 1, which additionally comprises a 
proofreading DNA polymerase. 

16. A kit of claim 1, which additionally comprises a re- 
verse transcriptase. 

17. A process for simultaneously amplifying and se- 
quencing a single stranded nucleic acid molecule, 
comprising the steps of: 

a) contacting the single stranded nucleic acid 
molecule with: i) at least one primer that can 
hybridize to the template, (II) a set of chain elon- 
gating nucleotides, (ill) at least one chain termi- 
nating nucleotide, (tv) a first DNA polymerase, 
which has a relatively low affinity towards the 
chain terminating nucleotide; and (v) a second 
DNA polymerase, 

which has a relatively high affinity to- 
wards the chain terminating nucleotide, so that 
polymerization by the first polymerase results 
in amplification and polymerization by the sec- 
ond polymerase results in the formation of 
chain terminated fragments; 

b) detecting the chain terminated fragments by 



an appropriate detection means; and 

c) aligning the fragments by mobility or molec- 
ular weight to determine the sequence of the 
5 DNA template. 

18. A process of claim 1 7, wherein the first and second 
polymerases are thermostable DNA polymerases. 

10 19. A process of claim 12, wherein the set of chain-elon- 
gating nucleotides are selected from the group con- 
sisting of: i) at least one deoxyadenosine triphos- 
phate; ii) at least one deoxyguanosine triphosphate; 
Hi) at least one deoxycytidine triphosphate; and iv) 

15 at least one deoxythymldine triphosphate. 

20. A process of claim 1 9, wherein the deoxyadenosine 
and/or the deoxyguanosine is an N7- or N9- deaza- 
purine nucleotide. 

20 

21 . A process of claim 17, wherein the chain terminat- 
ing nucleotide is selected from the group consisting 
of: 2\3'-dideoxyadenosine triphosphate, 2\3'-dide- 
oxyguanosine triphosphate, 2 , ,3 , -dideoxycytidine 

25 triphosphate, Z.S'-dideoxythymidine triphosphate. 



22. A process of claim 1 7, wherein the detection means 
is a separation means selected from the group con- 
sisting of: poryacrylamide gel electrophoresis, cap- 
illary zone electrophoresis and mass spectrometry 
In conjunction with a visualization means selected 
from the group consisting of: colorimetry, fluorime- 
try, chemilumlnescence, radioactivity and mass 
spectrometry. 
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23. A process of claim 1 7, wherein the detection means 
is mass spectrometry. 

24. A process of claim 23, wherein the mass spectrom- 
etry is performed using an ion source selected from 
the group consisting of: matrix assisted laser des- 
orption ionization (MALDI), electrospray (ES), lon- 
spray, thermospray and massive cluster impact; 
and the detection format is selected from the group 
consisting of: time-of-flight; quadrupole, magnetic 
sector, Fourier transform ion cyclotron resonance 
and ion trap. 

25. A process of claim 1 7, wherein the double stranded 
DNA molecule has been synthesized from RNA us- 
ing a reverse transcriptase. 

26. A process of claim 17, wherein the primer is linked 
to a solid support. 

27. A process of claim 26. wherein the solid support is 
selected from the group consisting of: beads, cap- 
illaries, flat supports, membranes and wafers. 



11 



21 



EP0 901 531 B1 



22 



28. A process of claim 26, wherein the primer contains 
a restriction site or a ribonucleotide. 

29. A process of claim 26, wherein the primer is weight 
modified. 

30. A process of claim 26, wherein the primer is mobility 
modified. 

31 . A process of claim 26, wherein at least one ddNTP 
Is weight modified. 

32. A process of claim 1 7, which additionally comprises 
a proofreading DNA polymerase. 



33. A process for simultaneously amplifying and se- 
quencing a nucleic acid molecule, comprising the 
steps of: 

a) denaturing a double stranded DNA molecule 
at an appropriate temperature and for an ap- 
propriate period of time to obtain two comple- 
mentary single stranded DNA molecules; 

b) contacting at least one of the single stranded 
DNA molecules with a complementary primer 
at an appropriate temperature and for an ap- 
propriate period of time to obtain at least one 
primer containing single stranded DNA mole- 
cule; 

c) contacting the at least one primer containing 
single stranded DNA molecule at an appropri- 
ate temperature and for an appropriate period 
of time with: (i) a set of chain elongating nucle- 
otides, (ii) at least one chain terminating nucle- 
otide, (iii) a first DNA polymerase, which has a 
relatively low affinity towards the chain termi- 
nating nucleotide; and (iv) a second DNA 
polymerase, which has a relatively high affinity 
towards the chain terminating nucleotide, so 
that polymerization by the first polymerase re- 
sults In amplification and polymerization by the 
second polymerase results in the formation of 
chain terminated fragments; 

d) repeating steps a) through c) for an appro- 
priate number of times to obtain a sufficient 
amount of chain terminated fragments for de- 
tection; and 

e) detecting the chain terminated fragments by 
an appropriate detection means and aligning 
the fragments by molecular weight to determine 
the sequence of the DNA template. 

34. A process of claim 33, wherein the first and second 
polymerases are thermostable DNA polymerases. 



35. A process of claim 33, wherein the set of chain-elon- 
gating nucleotides are selected from the group con- 
sisting of i) at least one deoxyadenosine triphos- 
phate; ii) at least one deoxyguanosine triphosphate; 

s iii) at least one deoxycytidine triphosphate; and iv) 
at least one deoxythymidine triphosphate. 

36. A process of claim 35, wherein the deoxyadenosine 
and/or the deoxyguanosine is an N7- or N9- deaza- 

10 purine nucleotide. 

37. A process of claim 33, wherein the chain terminat- 
ing nucleotide is selected from the group consisting 
of: 2\3'-dideoxyadenosine triphosphate, 2',3'-dide- 

15 oxyguanoslne triphosphate, 2 , ,3*-dideoxycytidine 
triphosphate, 2',3' dideoxythymidine triphosphate. 
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38. A process of claim 33, wherein the detection means 
is a separation means selected from the group con- 
sisting of: polyacrylamide gel electrophoresis, cap- 
illary zone electrophoresis and mass spectrometry, 
in conjunction with a visualization means selected 
from the group consisting of: colorimetry, fluorime- 
try, chemilumlnescence, radioactivity, and mass 
spectrometry. 



35 



39. A process of claim 33, wherein the detection means 
is mass spectrometry. 

30 40. A process of claim 39, wherein the mass spectrom- 
etry is performed using an ion source selected from 
the group consisting of: matrix assisted laser des- 
orptlon ionization (MALDI), electrospray (ES), ion- 
spray, themnospray and massive cluster impact; 
and the detection format Is selected from the group 
consisting of: time-of-flight; quadrupole, magnetic 
sector, Fourier transform ion cyclotron resonance 
and ion trap. 

40 41 . A process of claim 33, wherein the double stranded 
DNA molecule has been synthesized from RNA us- 
ing a reverse transcriptase. 

42. A process of claim 33, wherein the primer is linked 
45 to a solid support. 

43. A process of claim 42, wherein the solid support is 
selected from the group consisting of beads, capil- 
laries, flat supports, membranes and wafers. 



so 



55 



44. A process of daim 33, wherein the primer contains 
a restriction or a ribonucleotide. 

45. A process of claim 33, wherein the primer Is weight 
modified. 

46. A process of claim 33 , wherein the primer is mobility 
modified. 
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47. A process of claim 33, wherein a ddNTP Is weight 
modified. 

48. A process of claim 33, which additionally comprises 
a proofreading DNA polymerase. 



Patentanspruche 

1 . Kit zum gletehzeitigen Erhalten von amplif izierten 
NuklelnsauremotekQlen und Kettenabbruchnukle- 
insauremolekulen von einer Nukleinsaurematrize, 
umfassend: i) eine geelgnete Menge eines Satzes 
von Kettenveriangerungsnukleotlden; II) eine ge- 
elgnete Menge von wenigstens elnem Kettenab- 
bruchnukleotld; HI) eine geelgnete Menge einer er- 
sten DNA-Polymerase, die eine relatlv niedrige Af- 
finitat gegenuber dem Kettenabbruchnukleotid auf- 
welst; und iv) eine geeignete Menge einer zweiten 
DNA- Polymerase, die eine relativ hohe Affinitat ge- 
genuber dem Kettenabbruchnukleotid aufweist. 

2. Kit nach Anspruch 1, der zusatzlich ein Restrikti- 
onsenzym umfasst, das einen Primer schneiden 
kann. 

3. Kit nach Anspruch 1 , wobei die ersten und zweiten 
Polymerasen thermostabile DNA-Polymerasen 
sind. 

4. Kit nach Anspruch 3, wobei die thermostabllen 
DNA-Polymerasen ausgew&hlt sind aus der Grup- 
pe bestehend aus: Taq DNA-Polymerase, AmpH- 
Taq® FS DNA-Polymerase, Deep Vent® (exo*) 
DNA-Polymerase, Venl® DNA-Polymerase, Vent® 
(exo*) DNA-Polymerase und Deep Vent® DNA-Po- 
lymerasen, Thermo Sequenase, exo(-) Pseudococ- 
cus furiosus (Pfu) DNA-Polymerase, AmpliTaq® , 
Ultman, 9 degree Nm, Tth, Hot Tub, Pyrococcus fu- 
riosus (Pfu) und Pyrococcus woesei (Pwo) DNA- 
Polymerase. 

5. Kit nach Anspruch 1 , wobei der Satz von Kettenver- 
iangerungsnukleotlden ausgewShtt ist aus der 
Gruppe bestehend aus: i) wenigstens elnem Des- 
oxyadenosintriphosphat; ii) wenigstens einem Des- 
oxyguanosintriphosphat; iii) wenigstens einem 
DesoxycytkJintriphosphat; und iv) wenigstens ei- 
nem Desoxythymidlntriphosphat. 

6. Kit nach Anspruch 5, wobei das Dosoxyadenosln 
uncVoder das Desoxyguanosin ein N7- und/oder 
N9-Deazapurinnukleotid Ist. 

7. Kit nach Anspruch 1 , wobei das Kettenabbruchnu- 
kleotid ausgewahlt ist aus der Gruppe bestehend 
aus: 2\3 , -Didesoxyadenosintriphosphat, 2',3*-DI- 
desoxyguanosintriphosphat, 2 , ,3'-Didesoxycytidin- 



triphosphat, 2\3'«Didesoxythymidintriphosphat. 

8. Kit nach Anspruch 1 , der zusatzlich wenigstens ei- 
nen Primer umfasst. 

5 

9. Kit nach Anspruch 8, wobei der Primer an einen fa- 
sten Trager gebunden ist. 

1 0. Kit nach Anspruch 9, wobei der teste Trager ausge- 
10 wahtt ist aus der Gruppe bestehend aus Beads, Ka~ 

pillarrohrchen, ebenen Tragem, Membranen und 
Wafem. 

11. Kit nach Anspruch 9, wobei der Primer eine Restrik- 
15 tionsschnittstelle oder ein Ribonukteotid enthalt. 

1 2. Kit nach Anspruch 8, wobei der Primer gewiehtsmo- 
difiziert ist. 

20 13. Kit nach Anspruch 8, wobei der Primer beweglich- 
keitsmodifiziert Ist. 

14. Kit nach Anspruch 7, wobei wenigstens ein ddNTP 
gewichtsmodifiziert ist. 

25 

15. Kit nach Anspruch 1, der zusatzlich eine DNA-Po- 
lymerase mit Korrekturleseaktivitat umfasst. 

16. Kit nach Anspruch 1, der zusatzlich eine Reverse 
so Transkriptase umfasst. 

17. Verfahren zur gletehzeitigen Amplifikation und Se- 
quenzierung eines einzelstrangigen Nuklelnsaure- 
molekuls, umfassend die Schritte: 
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a) Inkontaktbringen des einzelstrangigen Nu- 
klelnsauremolekutes mit: (I) wenigstens einem 
Primer, der mit der Matrize hybridisieren kann, 
(ii) einem Satz von Kettenvertangerungsnu- 
kleotiden, (iii) wenigstens einem Kettenab- 
bruchnukleotid, (iv) einer ersten DNA-Polyme- 
rase, die eine relativ niedrige Affinitat gegen- 
uber dem Kettenabbruchnukleotid aufweist; 
und (v) einer zweiten DNA-Polymerase, die ei- 
ne relativ hohe Affinitat gegenuber dem Ket- 
tenabbruchnukleotid aufweist, so dass die Po- 
lymerisation durch die erste Polymerase zur 
Amplifikation fuhrt und die Polymerisation 
durch die zweite Polymerase zur Bildung der 
Kettenabbruchfragmente fuhrt; 

b) Nachweisen der Kettenabbruchfragmente 
durch ein geeignetes Nachweismlttel; und 

c) Anordnen der Fragmente aufgrund der Be- 
wegllchkelt oder des Molekulargewlchtes, urn 
die Sequenz der DNA-Matriza zu bestimmen. 

18. Verfahren nach Anspruch 17, wobei die ersten und 
zweiten Polymerasen thermostabile DNA-Polyme- 
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rasen slnd. 

19. Verfahren nach Anspruch 12, wobel der Satz von 
Kettenverlangerungsnukleotiden ausgewahlt Ist 
aus der Gruppe bestehend aus: i) wenigstens ei- 
nem Desoxyadenosintriphosphat; H) wenigstens el- 
nem Desoxyguanosintriphosphat; ill) wenigstens 
elnem Desoxycytidintriphosphat; und iv) wenig- 
stens einem Desoxythymidintriphosphat. 

20. Verfahren nach Anspruch 19, wobel das Desoxya- 
denosin und/oder das Desoxyguanosin eln N7- 
unoVoder N9-Deazapurinnukleotid 1st. 

21. Verfahren nach Anspruch 17, wobel das Kettenab- 
bruchnukleotld ausgewahlt 1st aus der Gruppe be- 
stehend aus: 2\3*-Didesoxyadenoslntriphosphat, 
2\3'-Didesoxyguanosintriphosphat, 2',3'-Didesoxy- 
cytidintriphosphat, 2\3'-Djdesoxythymidintriphos- 
phat. 

22. Verfahren nach Anspruch 1 7, wobei das Nachweis- 
mittet ein Auftrennungsmittel, ausgewahlt aus der 
Gruppe bestehend aus: Potyacrylamld-Gelelektro- 
phorese, Kapillarzonenelektrophorese und Mas- 
senspektrometrie In Verhindung mit elnem Visuatl- 
sierungsmittel, ausgewahlt aus der Gruppe beste- 
hend aus: Kolorimetrie, Ruorlmetrie, Chemilumi- 
niszenz, Radioaktivitat und Masse nspektrometrle, 
ist. 

23. Verfahren nach Anspruch 17, wobei das Nachweis- 
mittel Masse nspektrometrie Ist. 

24. Verfahren nach Anspruch 23, wobel die Massen- 
spektrometrie unter Verwendung einer lonenquelle 
durchgefuhrt wird, die ausgewahlt 1st aus der Grup- 
pe bestehend aus: Matrix- unterstutzter Laserdes- 
orptionsionlsation (MALDI), Eleklrospray (ES), lo- 
nenspray, Thermospray und Masslvciusteraufprall 
und das Nachweisformat ausgewahlt ist aus der 
Gruppe bestehend aus: Flugzett, Quadrupol, Ma- 
gnetsektor, fouriertransformierter lonenzyklotronre- 
sonanz und lonenfalle. 

25. Verfahren nach Anspruch 17, wobel das doppelst- 
rangige DNA-Molekul unter Verwendung einer Re- 
versen Transkriptase aus RNA synthetisiert wurde. 

26. Verfahren nach Anspruch 17, wobei der Primer an 
einen festen Trager gebunden Ist. 

27. Verfahren nach Anspruch 26, wobel der teste Tra- 
ger ausgewahlt 1st aus der Gruppe bestehend aus 
Beads, Kapillarrohrchen, ebenen Tragern, Mem- 
branen und Wafem. 

28. Verfahren nach Anspruch 26, wobel der Primer eine 



Restriktlonsschnmstelle oderein Rlbonukleotldent- 
halt. 

29. Verfahren nach Anspruch 26, wobei der Primer ge- 
5 wichtsmodifiziert ist. 

30. Verfahren nach Anspruch 26, wobel der Primer be- 
weglichkeltsmodifiziert Ist. 

10 31 . Verfahren nach Anspruch 26, wobei wenigstens eln 
ddNTP gewtchtsmodifizlert 1st. 

32. Verfahren nach Anspruch 17, das zusatzlich eine 
DNA-Polymerase mil Korrekturieseaktivitat um- 

15 fasst. 

33. Verfahren zur gteichzeitigen Amplifikation und Se- 
quenzierung eines Nukleinsauremolekuls, umfas- 
send die Schritte: 
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a) Denaturieren eines doppelstrangigen DNA- 
Molekuls bei einer geeigneten Temperatur und 
fur eine geeignete Zeits panne, urn zwel kom- 
plementare einzelstrangige DNA-Molekule zu 
erhalten; 

b) Inkontaktbringen von wenigstens einem der 
einzelstrangigen DNA-Molekule mit einem 
komplementaren Primer bei einer geeigneten 
Temperatur und fur eine geeignete Zeitspanne, 
um wenigstens einen Primer zu erhalten, der 
ein elnzelstrangrges DNA-Molekul enthalt; 

c) Inkontaktbringen des wenigstens einen Pri- 
mers, der ein einzetetrangiges DNA-Molekul 
enthalt, bei einer geeigneten Temperatur und 
fur eine geeignete Zeitspanne mit: (i) einem 
Satz von Kettenverlangerungsnukleotiden, (ii) 
wenigstens einem Kettenabbruchnukleotid, (Hi) 
einer ersten DNA-Polymerase, die eine relativ 
niedrige Affinitat gegenuber dem Kettenab- 
bruchnukleotid aufweist; und (iv) einer zwelten 
DNA-Polymerase, die eine relativ hohe Affinitat 
gegenuber dem Kettenabbruchnukleotid auf- 
weist, so dass die Polymerisation durch die er- 
ste Polymerase zur Amplifikation fuhrt und die 
Polymerisation durch die zwelte Polymerase 
zur BikJung der Kettenabbruchfragmente fuhrt; 

d) Wiedemolen der Schritte a) bis c) fur eine 
geeignete Anzahl von Malen, um eine ausreV- 
chende Menge von Kettenabbruchfragmenten 
fOr den Nachweis zu erhalten; und 

e) Nachweisen der Kettenabbruchfragmente 
durch ein geelgnetes Nachweismittet und An- 
ordnen der Fragments aufgrund des Moteku- 
largewlchtes, um die Sequenz der DNA-Matri- 
ze zu bestimmen. 

34. Verfahren nach Anspruch 33, wobei die ersten und 
zwelten Polymerasen thermostabile DNA-Polyme- 
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rasen slnd. 

35. Verfahren nach Anspruch 33, wobei der Satz von 
Kettenveriangerungsnukleotiden ausgewahlt Ist 
eus der Gruppe bestehend aus: 0 wenigstens ei- 
nem Desoxyadenosintriphosphat; ii) wenigstens ei- 
nem Desoxyguanosfntriphosphat; ill) wenigstens 
einem Desoxycytidintriphosphat; und iv) wenig- 
stens einem Desoxythymidintriphosphat. 

36. Verfahren nach Anspruch 35, wobei das Desoxya 
denosin undfoder das Desoxyguanosln ein N7- 
oder N9-Deazapurlnnukleotid ist. 

37. Veffahren nach Anspruch 33, wobei das Kettenab- 
bruchnukleotid ausgewahrt ist aus der Gruppe be- 
stehend aus: 2\3*-Didesoxyadenosintriphosphat t 
2 , ,3 , -Didesoxyguanosintriphosphat,2 , ,3 , -Didesoxy- 
cytidintriphosphat, 2\3'-Didesoxythynnidintrtphos- 
phat. 

38. Verfahren nach Anspruch 33, wobei das Nachweis- 
mrttel ein Auftrennungsmittel, ausgewahlt aus der 
Gruppe bestehend aus: Polyacrylamid-Gelelektro- 
phorese, Kapitlarzonenelektrophorese und Mas- 
senspektrometrie in Verbindung mit einem Vlsuali- 
sienjngsmittel ausgewahlt aus der Gruppe beste- 
hend aus: Kolorimetrie, Fluorimetrte, Chemilumi- 
niszenz, Radioaktivitat und Masse nspektrometrie, 
ist. 

39. Verfahren nach Anspruch 33, wobei das Nachweis- 
mittel Masse nspektrometrie ist. 

40. Verfahren nach Anspruch 39, wobei die Massen- 
spektrometrie unter Verwendung einer lonenquelle 
durchgefuhrt wird, die ausgewahlt ist aus der Grup- 
pe bestehend aus: Matrix-unterstutzter Laserdes- 
orptionsionisation (MALDl), Elektrospray (ES), lo- 
nenspray, Thermospray und Massivclusteraufpratl 
und das Nachweisformat ausgewahlt ist aus der 
Gruppe bestehend aus: Flugzeit, Quadrupol, Ma- 
gnetsektor, fouriertransformierter tonenzyklotronre- 
sonanz und lonenfalle. 

41. Verfahren nach Anspruch 33, wobei das doppetst- 
rangige DNA-Molekul unter Verwendung einer Re- 
versen Transkriptase aus RNA synthetisiert wurde. 

42. Verfahren nach Anspruch 33, wobei der Primer an 
einen festen Trager gebunden 1st. 

43. Verfahren nach Anspruch 42, wobei der teste Tra- 
ger ausgewahrt 1st aus der Gruppe bestehend aus 
Beads, Kapillarrohrchen, ebenen Tragem, Mem- 
branen und Wafern. 

44. Verfahren nach Anspruch 33, wobei der Primer eine 



Restriktionsschnittstelle oderein Ribonukleotid ent- 
halt. 

45. Verfahren nach Anspruch 33, wobei der Primer ge- 
s wichtsmodifiziert ist. 

46. Verfahren nach Anspruch 33, wobei der Primer be- 
weglichkeitsrnodifiziert ist. 

io 47. Verfahren nach Anspruch 33, wobei ein ddNTP ge- 
wtehtsmodiflzlert ist. 

48. Verfahren nach Anspruch 33, das zusatzlich eine 
DNA-Polymerase mit Korrekturteseaktrvitat urn- 
15 fasst. 



Revendlcatlons 

20 1 . Kit pour obtenir simuttanement des molecules d'acl- 
de nucleique amplifiees et a termlnaison de chaTne 
a partir d'une matrice d'acide nucleique, 
comprenant : i) une quantite appropriee d'une serie 
de nucleotides d'allongement de chaTne ; II) une 

25 quantite appropriee d*au moins un nucleotide de 
termlnaison de chaTne ; Hi) une quantite appropriee 
d'une premiere ADN-polymerase, qui a une affinite 
relativement faible vis-a-vis du nucleotide a terml- 
naison de chaTne ; et iv) une quantite appropri6e 

30 d'une seconds ADN-polymerase, qui a une affinite 
relativement forte vis-a-vis du nucleotide de termi- 
naison de chaTne. 

2. Kit suivant la revendicatlon 1, qui comprend en 
35 outre une enzyme de restriction qui peut diver une 

amorce. 

3. Kit suivant la revendicatlon 1 , dans lequel les pre- 
miere et seconde polymerases sont des ADN-poly- 

40 merases thermostables. 

4. Kit suivant la revendicatlon 3, dans lequel les ADN- 
poly merases thermostables sont choisies dans le 
groupe conslstant en : FADN-polymerase Taq, 

45 r ADN-polymerase AmpliTaq®FS, I' ADN-polymera- 
se Deep Vent® (exo*), I'ADN-polymerase Vent®, 
TADN-polymerase Vent®(exo-) et les ADN-polyme- 
rases Deep Vent®, la thermo-sequenese, T ADN- 
polymerase exo(-) de Pseudococcus furiosus (Pfu), 

50 les ADN-polymerases AmpliTaq®, Uttman, 9 de- 
gree Nm, Tth, Hot Tub, I'ADN-polymerase de Pyro- 
coccas furiosus (Pfu) et fADN-polymerase de Py- 
rococcus woesei (Pwo). 

55 5. Kit suivant la revendicatlon 1 , dans lequel la serie 
de nucleotides d'allongement de chaTne est cholsle 
dans le groupe consistent en : i) au moins un de- 
soxy adenosine-triphosphate; U) au moins un de- 



15 



29 



EP 0 901 531 B1 



30 



soxyguanosine-triphosphate, iii) au moins un de- 
soxycytldlne-triphosphate ; et iv) au moins un de- 
soxythymidine-triphosphate. 

6. Kit suivant la revendication 5, dans lequel la de- 
soxyadenosine et/ou la desoxyguanosine sont des 
nucleotides a noyau N7- ou N9-deazapurine. 

7. Kit suivant la revendication 1 , dans lequel le nucleo- 
tide de tormina Ison de chaTne est choisi dans te 
groupe consistent en le a'.S'-didesoxyadenosine- 
triphosphate, le 2',3*-dldesoxyguanostne-triphos- 
phate, le ^'-didesoxycytldfne-triphosphate et le 
2\3*-didesoxythymidine-triphosphate. 

8. Kit suivant la revendication 1, qui comprend en 
outre au moins une amorce. 



9. Kit suivant la revendication 8, dans lequel I'amorce 
est liee a un support sotide. 

1 0. Kit suivant la revendication 9, dans lequel te support 
solide est choisl dans le groupe consistent en des 
billes, des capillaires, des supports plats, des mem- 
branes et des tranches. 

11. Kit suivant la revendication 9, dans lequel Pamorce 
contient un site de restriction ou un ribonucleotide. 

12. Kit suivant la revendication 8, dans lequel I'amorce 
a un poids moditie. 

13. Kit suivant la revendication 8, dans lequel I'amorce 
a une mobillte rnodifiee. 

1 4. Kit suivant la revendication 7, dans lequel au moins 
un ddNTP a une modification de poids. 

15. Kit suivant la revendication 1, qui comprend en 
outre une ADN-polymerase de correction. 

16. Kit suivant la revendication 1, qui comprend en 
outre une transcriptase Inverse. 

17. Procede pour, simultanement, amplifier et sequen- 
cer une molecule or aclde nucleique monocat6naire, 
comprenant les etapes consistent : 

a) a mettre en contact la molecule rfacide nu- 
cleique monocatenaire avec : i) au moins une 
amorce qui peut s'hybrider a la matrice, (II) une 
serle de nucleotides cTallongement de chaTne, 
(iil) au molns un nucleotide de termlnaison de 
chaTne, (iv) une premiere ADN-polymerase, qui 
presente une affinite relativement falble vis-a- 
vis du nucleotide de terminaison de chaTne ; et 
(v) une seconde ADN-polymerase, 

qui presente une affinite relativement for- 



te vis-a-vis du nucleotide de terminaison de 
chaTne, de telle sorte que la polymerisation par 
la premiere polymerase ait pour resultat une 
amplification et la polymerisation par la secon- 
s de polymerase ait pour resultat la formation de 

fragments presentant une terminaison de 
chaTne ; 

b) a detecter les fragments presentant une ter- 
minaison de chaTne par un moyen de detection 

10 a p propria ; et 

c) a aligner les fragments en fonctlon de la mo- 
bility ou du poids moteculaire pour determiner 
la sequence de la matrice d'ADN, 

15 18. Procede suivant la revendication 17, dans lequel 
les premiere et seconde polymerases sont des 
ADN -polymerases thermostables. 

19. Precede suivant la revendication t2, dans lequel la 
20 serie de nucleotides d'allongement de chaTne est 

choisie dans le groupe consistent en : i) au moins 
un desoxyadenosine-triphosphate; ii) au moins un 
desoxyguanosine-triphosphate, iii) au moins un d6- 
soxycytidine-triphosphate ; et iv) au moins un de- 
25 soxythymidine-triphosphate. 

20. Precede suivant la revendication 19, dans lequel la 
desoxyadenostne et/ou la desoxyguanosine sont 
des nucleotides & noyau N7- ou N9-deazapurine. 

21 . Procede suivant la revendication 1 7, dans lequel le 
nucleotide de terminaison de chaTne estchoisi dans 
le groupe consistent en : te ^.S'-didesoxyadenosi- 
ne-triphosphate, le 2',3 , -didesoxyguanosine-tri- 

35 phosphate, le 2\3'-didesoxycytidine-triphc«phate 
et le 2\3'-didesoxy-mymldlne-triphosphate. 

22. Procede suivant la revendication 17, dans lequel le 
moyen de detection est un moyen de separation 

40 choisi dans le groupe conslstant en : relectropho- 
rese sur gel de polyacrylamide, relectrophorese en 
zone captllalre et la spactrometrie de masse con- 
jointement avec un moyen de visualisation choisi 
dans te groupe consistent en : la colorlmetrie, la 

45 fluorimetrie, la chlmlolumlnescence, la radio-activt- 
te et la spectrom6trie de masse. 

23. Proc£d6 suivant la revendication 17, dans lequel le 
moyen de detection est la spectrometrie de masse. 



30 



50 

24. Procede suivant la revendication 23, dans lequel la 
spectrometrie de masse est effectuee en utilisant 
une source d'ions choisie dans le groupe conslstant 
en IMonlsation par desorptlon laser asslstee par ma- 
ss trice (MALDI), relectropulverlsation (ES), la pulve- 
risation ionique, lathermopulverisation et I'impact a 
faisceau massif ; et le format de detection est choisi 
dans le groupe consistent en les suivants : temps 
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de vol, quadripolaire, secteur magnetique, reso- 
nance cyclotron ique ionique a transformee de Fou- 
rier et piege a Ions. 

25. Precede suivant la revendteatibn 1 7, dans lequel la 
molecule d'ADN bicatenalre a ete sy nthetlsee a par- 
tlr d'un ARN en utilisant une transcriptase inverse. 

26. Procede suivant la revendication 17, dans lequel 
I'amorce est (lee a un support solid©. 

27. Procede survant la revendication 26, dans lequel le 
support solide est choisi dans le groupe consistent 
en : des billes, des capi It aires, des supports plats, 
des membranes et des tranches. 

28. Procede suivant la revendication 26, dans lequel 
Pamorce contlent un site de restriction ou un ribo- 
nucleotide. 

29. Procede suivant la revendication 26, dans lequel 
I'amorce a un poids modifie. 

30. Procede suivant la revendication 26, dans lequel 
I'amorce a une mobilite modifiee. 

31 . Procede suivant la revendication 26, dans lequel au 
molns un des ddNTP a un polds modifi6. 

32. Proc6de suivant la revendication 1 7, qui comprend 
en outre une ADN -polymerase de correction. 

33. Procede pour, simultanement, amplifier et sequen- 
cer une molecule tfacide nucleique, comprenant 
les etapes consistent : 

a) a denaturer une molecule d'ADN bicatenalre 
a une temperature appropriee et pendant une 
periode de temps appropriee pour obtenir deux 
molecules d'ADN monocatenaires 
complementaires ; 

b) a mettre en contact au molns I'une des mo- 
lecules d'ADN monocatenaires avec une amor- 
ce complementafre a une temperature appro- 
priee et pendant une periode de temps appro- 
priee pour obtenir au molns une amorce conte- 
nant une molecule d'ADN monocatenaire ; 

c) a mettre en contact ladite au molns une 
amorce contenant la molecule cTADN monoca- 
tenaire a une temperature appropriee et pen- 
dant une periode de temps appropriee avec (i) 
une serie de nucleotides cfallongement de 
chaine, (II) au moins un nucleotide de terminal- 
son de chaine, (HI) une premiere ADN-polyme- 
rase, qui a une affinite relativement faible vis- 
a-vis du nucleotide de terminaison de chaine ; 
et (iv) une seconde ADN-polymerase, qui a une 
affinite relativement forte vis-a-vis du nucleoti- 
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de de terminaison de chame, de telle sorte que 
la polymerisation par la premiere polymerase 
ait pour resultat une amplification et la polyme- 
risation par la seconde polymerase art pour re- 
sultat la formation de fragments presentant une 
termlnalson de chaine ; 

d) a repeter les etapes a) a c) pendant un nom- 
bre approprie de fols pour obtenir une quantite 
defragments a terminaison dechatne suffisan- 
te pour la detection ; et 

e) a detecter les fragments presentant une ter- 
mlnalson de chaine par un moyen de detection 
approprie et a aligner les fragments en fonctlon 
du poids moleculaire pour determiner la se- 
quence de la matrlce d'ADN. 

34. Procede survant la revendication 33, dans lequel 
les premiere et seconde polymerases sont des 
ADN-polymerases thermostables. 

35. Procede suivant la revendication 33, dans lequel la 
serie de nucleotides rfallongement de chaine est 
cholsie dans le groupe consistent en : i) au moins 
un desoxyadenoslne-triphosphate; ii) au moins un 
desoxyguanosine-triphosphate, Hi) au moins un de- 
soxycytidine-triphosphate ; et iv) au molns un de- 
soxythymidine-triph osph ate . 

36. Procede suivant la revendication 36, dans lequel la 
desoxyadenosine et/ou la desoxyguanosine sont 
des nucleotides a noyau N7- ou N9-deazapurine. 

37. Procede suivant la revendication 33, dans lequel le 
nucleotide de terminaison de chaTne est choisi dans 
le groupe conslstant en : le 2\3*-didesoxyadenosl- 
ne-triphosphate, le 2\3'-didesoxyguanoslne-tri- 
phosphate, le ^'.S'-didesoxycytidine-trlphosphate 
et le 2 , ,3'-didesoxythymidine-triphosphate. 

38. Procede suivant la revendication 33, dans lequel le 
moyen de detection est un moyen de separation 
choisi dans le groupe consistent en : I'electropho- 
rese sur gel de polyacrylamide. I'electrophorese en 
zone capillaire et la spectrometrie de masse, con- 
Jointement avec un moyen de visualisation choisi 
dans le groupe conslstant en : la colorlmetrie, la 
tluorimetrle, la chimioiumlnescence, la radio-activt- 
te et la spectrometrie de masse. 

39. Procede survant la revendication 33, dans lequel le 
moyen de detection est la spectrom6trie de masse. 

40. Procede suivant la revendication 39, dans lequel la 
spectrometrie de masse est effectuee en utilisant 
une source d'ions choisie dans le groupe conslstant 

en : 

I'ionisation par desorption laser assistee par 
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matrice (MALDI), I'electropulverisation (ES), la 
pulverisation d'tons, ta thermopulverisation et 
I'impact a falsceau massif ; et ie format de de- 
tection est choisi dans le groupe consistant en 
les suivants : temps de vol, quadripolaire, sec- s 
teurmagnetique, resonance cyclotronlque loni- 
que a transform ee de Fourier et piege a Ions. 

41. Precede suivant la revendication 33, dans lequel la 
molecule d'ADN bicatenaire a ete synthetisee a par- 1 o 
tir d'un ARN en utlllsant une transcriptase Inverse. 

42. Precede survant la revendication 33, dans lequel 
Tamorce est liee a un support solide. 

15 

43. Procede suivant la revendication 42, dans lequel le 
support solide est choisi dans le groupe consistant 
en : des biiies, des capillaires, des supports plats, 
des membranes et des tranches. 

20 

44. Precede suivant la revendication 33, dans lequel 
I'amorce contient un site de restriction ou un ribo- 
nucleotide. 

45. Procede suivant la revendication 33, dans lequel 25 
Tamorce a un poids modlfie. 

46. Procede survant la revendication 33, dans lequel 
I'amorce a une mobilite modifiee. 

$o 

47. Precede suivant la revendication 33, dans lequel un 
ddNTP a un polds modifie. 

48. Procede suivant la revendication 33, qui comprend 

en outre une ADN-polymerase de correction. 35 
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